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Sweet cassava can be sold frozen, i.e., frozen food, to facilitate preparation and consumption. This study aimed to 
evaluate physical-chemical characteristics, cooking time, microbiological quality and sensory attributes regarding 
the varieties BRS Aipim Brasil and Eucalipto in frozen storage. The roots were washed in water, sanitized, cut into 
cylinders, peeled, sanitized, drained, packed in nylon/ low density polyethylene packages and stored at -18 °C, being 
evaluated every 30 days, approximately. The Eucalipto variety showed the lowest moisture (61.98%) and the highest 
pulp yield (71.41%) and starch content (33.45%). However, the BRS Aipim Brasil variety had lower color intensity 
(11.48) and greater color angle (97.45°) than Eucalipto. The two cassava genotypes showed no difference in terms 
of acidity, luminosity, soluble solids, total sugar content and pH. The Eucalipto variety showed the shortest cooking 
time (25 minutes) and moisture (62.92%) concerning the five storage times that were evaluated. This variety also 
had the highest starch content during storage, except at 31 days. The Eucalipto variety was more accepted for the 
color, aroma and overall impression attributes. Regarding flavor and texture, the two varieties were considered 
similar and were classified between the hedonic terms “like slightly” and “like moderately”. The sensory acceptance 
of the roots was not altered during storage and the grades attributed were above 6.0, which represents the minimum 
acceptance limit, for all evaluated attributes. Cassava frozen at -18 °C can be marketed for 120 days without 
microbiological risk, and without significant changes in its physical-chemical and sensory characteristics. 
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Resumo 
A mandioca de mesa pode ser comercializada congelada para facilitar o preparo e o consumo. Este trabalho teve como 
objetivo avaliar as características físico-químicas, o tempo de cozimento, a qualidade microbiológica e os atributos 
sensoriais das variedades BRS Aipim Brasil e Eucalipto, durante o armazenamento sob congelamento. As raízes foram 
lavadas em água, sanitizadas, cortadas em cilindros, descascadas, sanitizadas, drenadas, acondicionadas em 
embalagens de nylon/ polietileno de baixa densidade e armazenadas a -18 °C, sendo avaliadas a cada 30 dias, 
aproximadamente. A variedade Eucalipto apresentou a menor umidade (61,98%) e os maiores rendimentos de polpa 
(71,41%) e teor de amido (33,45%). A variedade BRS Aipim Brasil apresentou menor intensidade de cor (11,48) e maior 
ângulo de cor (97,45°). Os dois genótipos de mandioca não apresentaram diferenças em termos de acidez, 
luminosidade, sólidos solúveis, teor de açúcar total e pH. A variedade Eucalipto apresentou o menor tempo de 
cozimento (25 minutos) e umidade (62,92%), para os cinco tempos de armazenamento avaliados. Essa variedade 
também apresentou o maior teor de amido durante o armazenamento, exceto aos 31 dias. A variedade Eucalipto foi 
mais aceita para os atributos cor, aroma e impressão global. Em relação ao sabor e à textura, as duas variedades foram 
consideradas semelhantes e foram classificadas entre os termos hedônicos “gostei ligeiramente” e “gostei 
moderadamente”. A aceitação sensorial das raízes não foi alterada ao longo do armazenamento e as notas atribuídas 
foram acima de 6,0, o que representa o limite mínimo de aceitação, para todos os atributos avaliados. A mandioca 
congelada a -18 °C pode ser comercializada por 120 dias com segurança microbiológica, sem que ocorram alterações 
significativas das suas características físico-químicas e sensoriais. 
Palavras-chave: Manihot esculenta Crantz; Processamento; Vida útil; Cocção; Análise sensorial; Composição química. 
1 Introduction 
Cassava (Manihot esculenta Crantz) is one of the main energy foods in developing countries. More than 
100 countries produce cassava, and Brazil is the world's fifth largest producer (Food and Agriculture 
Organization of the United Nations, 2020). Culture is of fundamental importance for the country, because it 
is one of the most relevant products for family farming and food security, seeing that it is a plant adapted to 
low fertility soils and irregular rain conditions as well as important for its multiple uses (Oliveira et al., 2015). 
Sweet cassava, also known as manioc, presents low content of cyanogenic compounds in its pulp. 
However, bitter varieties, also called poisonous, have higher concentrations of these compounds 
(Montagnac et al., 2009). Bitter cassava is used in the manufacture of flour and production of cassava starch, 
also known as starch, goma and tapioca. 
Regarding the cyanogenic compounds, the pulp color of the sweet cassava roots can vary from white to 
yellow, i.e., an important characteristic that interferes with consumer acceptance, varying according to the 
region of the country (Carvalho et al., 2017). In the studies carried out to characterize the fresh sweet cassava 
roots, ashes, color, cooking time, fibers, lipids, minerals, moisture, pH, proteins, pulp yield, starch, titratable 
acidity and total carotenoids have been evaluated (Alves et al., 2008; Carvalho et al., 2017; Ceni et al., 2009; 
Mezette et al., 2009; Pedri et al., 2018). The chemical composition of cassava roots has an average value of 
61.8% of moisture, 36.2% of carbohydrates, 1.9% of dietary fiber, 1.1% of protein, 0.6% of ash and 0.3% of 
lipids (Universidade Estadual de Campinas, 2011). Moisture is one of the most important aspects of root 
conservation due to the direct influence on its durability (Bezerra et al., 2002). 
In addition to its high perishability, characterized by physiological and microbiological deteriorations that 
prevent the maintenance of fresh roots for several days after harvest, another obstacle to the 
commercialization of fresh sweet cassava roots is associated with peeling problems, which reflect the little 
practicality regarding the product characteristics (Rinaldi et al., 2015a). To minimize these problems, the 
roots can be commercialized minimally processed, frozen, pre-cooked and frozen, in addition to processed 
as dough, fries and snacks (Oliveira et al., 2017; Ramos et al., 2013). 
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Among these various conservation methods, freezing proves to be efficient and stands out for controlling 
both physiological and microbiological deterioration (Carvalho et al., 2011; Rinaldi et al., 2015a, 2015b). In 
addition, the production of frozen cassava is a viable alternative for rural producers in order to add value to 
their productions (Sanches et al., 2017). On the other hand, the expansion of the sweet cassava market 
depends on varieties that have good sensory characteristics such as flavor and texture and low cooking time, 
even after frozen storage time. 
The Eucalipto cultivar is the most widely planted sweet variety in the Recôncavo Baiano region due to the 
short cooking time in different harvest periods and the low physiological deterioration, whereas the variety 
BRS Aipim Brasil was recommended by Embrapa Mandioca e Fruticultura in 2001, as an early sweet cassava 
variety for the Cruz das Almas and Conceição do Almeida – in the Bahia region (Araujo & Almeida, 2013). 
These varieties have not been studied with respect to frozen storage time. Thus, this study aimed to evaluate 
physical-chemical characteristics, cooking time, microbiological quality and sensory attributes of the 
varieties BRS Aipim Brasil and Eucalipto during frozen storage. 
2 Material and methods 
2.1 Evaluated genotypes and culture conditions 
The Eucalipto and BRS Aipim Brasil varieties were cultivated in the experimental field of Embrapa 
Cassava & Fruit in Cruz das Almas, in the state of Bahia (BA), in Brazil, at an altitude of 199 m, 12° 67’ S 
latitude and 39° 15’ W longitude. The climate region is designated as hot and humid tropical, Aw to Am, 
according to the Köppen classification, with an average annual temperature of 24.5 °C, relative humidity of 
80% and average rainfall of 1,249.7 mm annually (Agritempo, 2020). The soil of the experimental area is 
classified as Argisolic Cohesive Yellow Latosol, according to the classification of Empresa Brasileira de 
Pesquisa Agropecuária (1993) and updated by Santos et al. (2018). 
2.2 Processing 
The roots of the two varieties were harvested at the age of 12 months and the processing was carried out on 
the same harvest day, consisting of three experimental replications, with 25 kg of root being processed in each 
repetition. The roots were harvested in a single area, selected, washed in running water, sanitized in sodium 
hypochlorite solution (200 mg L-1 of active chlorine) for 15 minutes, cut in 6 cm long cylinders (after removing 
the tips), peeled and sanitized again in sodium hypochlorite solution (20 mg L-1 of active chlorine) for two 
minutes. Then, the roots were drained in sieves to remove excess water and packed in nylon/ low density 
polyethylene multilayer packages with a thickness of 150 μm, dimensions of 20 x 30 cm and thickness of 
0.15 mm (500 g), sealed in an automatic sealer, without the use of vacuum, and stored in a freezer at -18 °C. 
The experiment was carried out in a completely randomized design in the subdivided plot scheme, 
comprising the two varieties (BRS Aipim Brasil and Eucalipto) as the plots, whereas that the five storage 
times (0, 31, 60, 92 and 120 days) as the subplots. The frozen roots were evaluated for physical-chemical 
characteristics, cooking time and sensory acceptance in the five storage times. 
2.3 Physicochemical analysis 
The pulp yield was calculated as a percentage of weight, i.e., based on the weight of the roots with the skin 
and peel and after peeling. The other analysis was carried out after grinding the roots in a multiprocessor. 
The soluble solids content, total titratable acidity (% citric acid), pH and moisture (Instituto Adolfo Lutz, 
2018) were determined. 
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The total sugar content was determined by spectrophotometry, according to the methodology of Somogyi 
(1945) and Nelson (1944), at the first stage of acid hydrolysis (Instituto Adolfo Lutz, 2018). The starch 
analysis was performed according to the methodology described by Holm et al. (1986) for the dry sample, 
and the starch being hydrolyzed by the enzyme activity of α-amylase and amyloglucosidase, and the glucose 
content quantified by spectrophotometry. 
The pulp color of the crushed roots was evaluated with the aid of the Konica Minolta colorimeter, model 
CR400, CIELAB system (Konica-Minolta, 2013). The device was calibrated using a white ceramic plate, 
using the D65 illuminant (z = 93.6; x = 0.3133; y = 0.3195). The color attributes L* (luminosity) ranged from 
zero (black) to 100 (white), C* (chroma/color intensity) and h* (shade/color angle) ranged from 0° to 360°, 
where 0° corresponded to red, 90° to yellow; 180° represented green and 270° blue. 
2.4 Cooking time 
The roots were added frozen in boiling water, in the proportion of 2 liters of water for each kg of root, 
being counted the time after adding the roots in the boiling water until cooking. The cooking time was 
determined using a fork by a single analyst, whereas the roots were considered cooked when they could offer 
low resistance to penetration. The cooking of the frozen roots (zero time) was carried out on the same day of 
the harvest after freezing, in order to compare the cooking time with the frozen stored roots. 
2.5 Microbiological analysis 
To evaluate the hygienic-sanitary conditions of the processing, analysis of thermotolerant coliforms were 
performed using the Most Probable Number (MPN) and Salmonella method in the raw material and in the 
frozen product at 31, 60, 92 and 120 days of storage according to Silva et al. (2017). 
2.6 Sensory analysis 
The varieties were evaluated for sensory acceptance over the storage time under freezing (0, 31, 60, 92 and 
120 days) by 50 judges who were regular consumers of cooked cassava. The test was performed in individual 
booths under white light. Each judge received about 25 g of cooked cassava, coded with random three-digit 
numbers. The order of presentation was randomized in the design of complete blocks, totaling two samples. 
The sensory attributes of color, aroma, flavor, texture and overall impression were evaluated using a nine-
point hedonic scale, from “dislike extremely” (1) to “like extremely” (9). 
The project was approved by the Committee of Ethics in Research of the Multidisciplinary Institute in 
Health, of the Federal University of Bahia, presenting the emission issued by a Presentation Certificate for 
Ethical Appreciation (CAAE nº. 23109213.9.0000.5556). 
2.7 Statistical analysis 
All data were submitted to Analysis of Variance (ANOVA) in a split plot scheme. For significant “F” 
(p ≤ 0.05), Tukey’s test at 5% significance was applied for qualitative variables and regression analysis for 
quantitative variables (linear and quadratic models). The analysis of variance was performed with the aid of 
the Sisvar statistical program (Ferreira, 2010). 
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3 Results and discussion 
3.1 Characterization of varieties 
The Eucalipto variety (71.41 ± 1.27%) showed significantly (p ≤ 0.05) higher pulp yield than BRS Aipim 
Brasil (68.24 ± 0.56%) (Table 1), which was directly related to the processing yield. Oliveira et al. (2017) 
evaluated four sweet cassava cultivars at 12 months and observed similar values (68.9% to 72.8%), whereas 
Alves et al. (2008) evaluated two clones harvested at 13 months and obtained an average value of 83.2%. 
Table 1. Pulp yield, physical and chemical composition, color parameters and cooking time of the roots of two 




BRS Aipim Brasil Eucalipto 
Pulp yield (%) 68.24 ± 0.56b 71.41 ± 1.27a 15.70 1.40 
Moisture (%) 68.92 ± 1.63a 61.98 ± 0.20b 53.57 1.78 
Starch (%) 24.45 ± 1.57b 33.45 ± 0.52a 85.34 4.05 
Total sugar (%) 1.27 ± 0.06a 1.32 ± 0.02a 2.14 3.23 
Soluble solids (°Brix) 6.33 ± 0.44a 5.64 ± 0.66a 2.26 9.39 
Total titratable acidity (%) 0.11 ± 0.00a 0.12 ± 0.01a 0.80 7.61 
pH 6.23 ± 0.14a 6.37 ± 0.05a 2.27 1.72 
L* (luminosity) 72.75 ± 0.19a 72.36 ± 0.93a 0.52 0.92 
C* (color intensity) 11.48 ± 0.70b 19.43 ± 0.27a 335.11 3.44 
h* (color angle) 97.45 ± 0.27a 94.65 ± 1.05b 20.23 0.79 
Cooking time (minute)1 34.50 ± 2.18a 26.67 ± 3.33b 11.14 9.17 
Means (±Standard Deviation) followed by the same letter on the line do not differ by the F test. CV = Coefficient of Variation. 1Cassava 
previously frozen. 
The Eucalipto variety had the lowest moisture and the highest starch content (Table 1). Oliveira et al. 
(2017) evaluated four sweet cassava cultivars at the age of 12 months with moisture, the BRS Jari showed 
the highest value (75.18%), followed by the hybrid 2003 14-11 (71.75%). On the other hand, Rinaldi et al. 
(2015a) studied three varieties of cassava harvested at the age of 12 months with different pulp colorations 
and reported moisture from 64.48% to 72.15%. These results were similar to the moisture values obtained in 
the present work. However, Oliveira et al. (2007) evaluated the Eucalipto variety in two different fertility 
soils and observed moisture of 56.7% and 61.0%, and these values were lower than the values of this study. 
The two cassava genotypes showed no difference in terms of total sugar content, soluble solids, acidity, 
pH and luminosity (Table 1), with average values of 1.30% total sugar, 5.99 °Brix of soluble solids, 0.12% 
titratable acidity, expressed as citric acid, 6.30 (pH) and 72.56 (luminosity). 
Carvalho et al. (2017) evaluated 22 genotypes of sweet cassava and obtained values similar to the present 
study for pH (6.33 to 7.50) and luminosity (67.14 to 73.90). Acidity and pH analysis are important 
characteristics in food quality control and for cassava roots indicate possible occurrence of early fermentation 
and consequently deterioration of fresh roots (Carvalho et al., 2017), which did not occur in this study. 
The variety BRS Aipim Brasil had lower color intensity and greater color angle (Table 1) than Eucalipto. The 
color angle value of the Eucalipto variety was smaller, closer to 90º than BRS Aipim Brasil, which characterizes 
yellow color, i.e., being in accordance with the classification developed by the International Center for Tropical 
Agriculture, which indicates that BRS Aipim Brasil had a white flesh color and Eucalipto, light cream color, 
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according to the visual measurement of the root parenchyma (Sánchez et al., 2006). The observed luminosity could 
be characterized as light colors as they were close to pure white (Table 1). 
The Eucalipto variety had the shortest cooking time (Table 1). The cooking of sweet cassava roots, as well as the 
physical and chemical characteristics are influenced by several factors, such as cultivar, age at harvest, cultivation 
practices and environmental conditions, which may lead to changes in the chemical composition of the cassava root 
(Lorenzi, 1994; Beléia et al., 2004; Oliveira & Moraes, 2009; Franck et al., 2011). The cooking time is related to the 
quality of the cooked mass, i.e., for a shorter time, the mass generated will be the most relevant (Lorenzi, 1994; 
Beléia et al., 2006; Pedri et al., 2018). 
The starch content could also vary according to the cultivar, edaphoclimatic conditions and harvest time of the 
plant (Alves et al., 2008). Cassava roots with less moisture, consisting of more dry matter, had higher starch contents 
(Borges et al., 2002) than with more moisture. Franck et al. (2011) and Kawano et al. (1987) found that whether the 
dry matter content is high, the cooking capacity of cassava will be significant, consisting of similar values and being 
in accordance with the present study. However, Ngeve (2003) and Borges et al. (2002) did not observe this 
relationship. 
Ceni et al. (2009) studied the composition of five varieties of sweet cassava and obtained starch contents between 
24% and 39% and moisture between 64% and 70%. Borges et al. (2002) analyzed 26 varieties of cassava for human 
consumption and found starch content between 24.89% and 33.55%, moisture between 61.80% and 70.46% (dry 
matter 38.20% and 29.54%) and cooking time between 19.33 and 30.00 minutes. These values were similar to those 
found for the varieties evaluated in this study. Whereas Mezette et al. (2009) reported cooking times longer than this 
study (29.4 to 51.6 minutes) when evaluating sweet cassava clones in the selection process. 
The observed variations in cooking time, moisture, starch content, color angle and color intensity (Table 1) are 
related to the differences between the two cultivars, since both were planted in the same place, on the same day, under 
the same cultivation conditions and were also harvested on the same date. 
3.2 Physicochemical quality of frozen roots 
The evaluated varieties BRS Aipim Brasil and Eucalipto had different cooking times, pulp color and moisture 
(Table 1), with these characteristics being important in the evaluation of roots in frozen storage. 
During the storage time, there was no significant variation for the characteristics of moisture, color intensity 
(C*) and color angle (h*). There was a significant difference between the two varieties for these characteristics 
(Table 2). The levels of total sugars and soluble solids did not change during storage and there was no difference 
between the two varieties, (p > 0.05), which presented average values of 1.44% and 6.10 °Brix, respectively. 
Table 2. Average values of moisture, color parameters and cooking time of two varieties of cassava frozen and stored 
for up to 120 days. 
Evaluations 
Varieties1 
F CV (%) 
BRS Aipim Brasil Eucalipto 
Moisture (%) 67.39 ± 1.70a 62.92 ± 2.18b 39.08 3.01 
C* (color intensity) 11.89 ± 0.67b 20.28 ± 0.57a 1365.55 3.87 
h* (color angle) 97.15 ± 0.68a 95.80 ± 0.82b 24.24 0.78 
Cooking time (minute) 30.78 ± 5.54a 25.32 ± 4.72b 8.46 18.35 
Means followed by the same letter on the line do not differ by the F test at 5% probability. CV = Coefficient of Variation. 1Values 
representing the averages of the five storage times (0, 31, 60, 92 and 120 days) evaluated for these variables. 
According to Alves et al. (2005), the packaging material used to condition the roots was decisive in 
relation to the rate of moisture loss. The granulometry of the packaging and the permeability to water and 
gases interfere with moisture during storage under freezing. The nylon polyethylene package used in the 
present study was efficient to maintain moisture and assist in the conservation of the product. 
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The Eucalipto variety showed the highest C* value and the lowest h* value. The C* values define the color 
intensity, i.e., values close to zero are indicative of neutral colors, and values around 60 indicate intense 
colors (Rinaldi et al., 2015a). Regarding this parameter, the Eucalipto variety (20.28) had a much more 
intense color than BRS Aipim Brasil one (11.89). Color is an important quality attribute and is directly related 
to product acceptability (Doymaz et al., 2006). Thus, if the color is attractive, it is unlikely that the food will 
not be eaten or at least tasted by consumers (Silva et al., 2000). 
The cooking time was different for the varieties and the Eucalipto had the shortest time (Table 2). The 
variety versus storage time interaction was not significant (p > 0.05) for cooking time and varied similarly 
for the two varieties during storage, so an average curve of the cooking times of the two varieties was 
presented (Figure 1). The adjusted quadratic model was significant (p < 0.05) and could explain 72% of the 
variation in the experimental data. There was a tendency to reduce cooking time until 60 days of storage, 
after which the values increased, however, with values close to those observed immediately after harvest 
(Figure 1). Cooking time is a fundamental property in the selection of a variety of sweet cassava, both by the 
consumer and the industry. The low cooking time saves time and energy, being a desired feature for the final 
consumer (Moreto & Neubert, 2014). 
In the study conducted by Rinaldi et al. (2015a), the cooking time of the frozen cassava varieties BRS 399 and 
BRS 400, kept for 28 days of storage, ranged from 22.33 to 29.97 minutes and from 26.00 to 30.00 minutes, 
respectively. This result was similar to the present study, which ranged from 24.00 to 31.92 minutes, with 
30.67 minutes at zero time and 31.92 minutes after 120 days of storage. The same effect was observed by 
Rinaldi et al. (2015b) for the roots of IAC 576-70 frozen at -18 °C (16.83 to 19.00 minutes), after 31 days of storage. 
 
Figure 1. Average values for cooking time of the BRS Aipim Brasil and Eucalipto varieties frozen and stored for 0, 
31, 60, 92 and 120 days. 
There was no difference between the two varieties for L*, which had an average value of 73.11. However, 
this coordinate varied significantly during storage, but with a slight increase occurring after 120 days of 
freezing, from 72.56 to 73.24 (Figure 2), this color difference may not be visually perceived. The quadratic 
model was significant (p < 0.05), but could explain only 35% of the variation in the experimental data, 
whereas the linear model was not significant. The variation in the value of L * may be related to the intrinsic 
effects of the root, which consider the variations within and between the roots of the same plant and between 
plants of the same variety (Lorenzi, 1994). 
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Figure 2. Average values for luminosity of the BRS Aipim Brasil and Eucalipto varieties frozen and stored for 31, 60, 
92 and 120 days. 
The variety versus storage time interaction was not significant (p > 0.05) for acidity and pH. There was 
no difference between the two varieties for acidity and pH, and the varieties had an average value of 0.15 
and 6.32, respectively. However, it was found that these two variables changed slightly over the freezing 
time (Figure 3). The acidity increased from 0.12% (time zero) to 0.14% (time 120 days). The quadratic model 
was significant and explains only 98% of the variation of the experimental data. Similar results were found 
by Carvalho et al. (2011), who observed that the acidity increased with the storage time of the frozen root for 
150 days, despite the small amplitude of the values, between 0.05% and 0.07% of citric acid. 
 
Figure 3. Average values for total titratable acidity (◼) and pH (▲) of the BRS Aipim Brasil and Eucalipto varieties 
frozen and stored for 31, 60, 92 and 120 days. 
The pH values obtained for the varieties evaluated in this study were similar to those observed for frozen 
cassava by Carvalho et al. (2011), from 6.59 to 6.73, as well as by Rinaldi et al. (2015a), from 5.96 to 6.55 
and Rinaldi et al. (2015b), from 6.09 to 6.47. The linear model was significant, but it explains only 54% of 
the variation of the experimental data, whereas the quadratic model was not significant. As biochemical 
reactions occur very slowly under freezing, the changes observed over time for pH and titratable acidity may 
be intrinsic to the heterogeneity of the studied plant material. 
As for the starch content, the interaction between varieties versus storage time was significant (p < 0.05) 
(Figure 4). The Eucalipto variety had the highest starch content during storage, except at 31 days, ranging 
from 33.45% (zero time) to 31.87% (120 days), whereas BRS Aipim Brasil presented values from 24.58% 
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(zero time) to 25.04% (120 days). For this variable, it was not possible to adjust regression models to explain 
the observed variations. 
 
Figure 4. Starch content of frozen cassava varieties of BRS Aipim Brasil (◼) and Eucalipto (▲) stored for 31, 60, 92 
and 120 days. 
3.3 Microbiological evaluation 
The frozen roots of the two varieties evaluated were in accordance with the microbiological standards 
recommended by the RDC 12 January 2001 (Brasil, 2001) with regard to the MPN of thermotolerant 
coliforms (Table 3) and Salmonella, since the number of coliforms was lower than the established limits and 
the Salmonella bacterium was absent in all samples. 
Table 3. Average values of microbiological analysis on frozen roots of two cassava varieties, stored for up to 120 days. 
Varieties 
Storage time (days) 
Legal standards* 
0 60 92 120 
 Total coliforms (MPN g-1) - 
BRS Aipim Brasil 43 9.7 3.2 3.2  
Eucalipto 9.2 7.1 <3.0 <3.0  
 Thermotolerant coliforms (MPN g-1) 1x103 
BRS Aipim Brasil <3.0 9.7 3.2 3.2  
Eucalipto <3.0 7.1 <3.0 <3.0  
*Legal standards established by the Brazilian National Health Surveillance Agency (ANVISA) for fresh roots and tubers in natura prepared 
(peeled or selected or fractionated), sanified, chilled or frozen, for direct consumption. 
The MPN of total coliforms varied between <3.0 and 4.3 × 101 MPN g-1 (Table 3), demonstrating that the 
processing occurred in accordance with the good manufacturing practices recommended by the Brazilian 
National Health Surveillance Agency (Agência Nacional de Vigilância Sanitária (ANVISA)). 
Indeed, it was also observed that the number of total coliforms decreased with the storage time up to 92 days 
(Table 3). This reduction can be explained by the effect of freezing on microbial cells, as the number of 
microorganisms in frozen vegetables tends to be lower, due to the death of some microorganisms during freezing 
(Jay et al., 2005). It should be noted that the main factors responsible for death or injury of microorganisms during 
freezing processes are related to mechanical damage to cell walls and membranes owing to the formation of 
intracellular crystals, loss of electrolyte balance resulting from dehydration and increased concentration of solutes 
due to ice formation, which can lead to denaturation of proteins, in addition to membrane rupture owing to 
maximum compression and decrease in cell volume (Colla & Prentice-Hernández, 2003). 
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A similar result for coliforms was obtained by Rinaldi et al. (2015a, 2015b) on frozen cassava roots stored 
at -18 °C for up to 31 days. 
The product showed microbiological quality during the 120 days of storage. These results demonstrated 
that the processing took place in accordance with the good manufacturing practices recommended by the 
ANVISA and that freezing is an efficient food preservation method responsible for slowing the metabolic 
process of microorganisms and, consequently, increasing the shelf life of the food. 
3.4 Sensory evaluation 
There was a significant difference between the two varieties in terms of acceptance (Table 4). For color, BRS 
Aipim Brasil was classified between the hedonic terms “like slightly” and “like moderately” and Eucalipto was 
classified as “like very much”. Cassava with white roots in the municipality of Cruz das Almas and neighborhood 
is generally associated with wild cassava, which may have negatively influenced the acceptance of the color of 
BRS Aipim Brasil by the tasters. Similarly, Rinaldi et al. (2015b) did not observe changes in the color of the frozen 
IAC 576-70 variety stored for 31 days, with the average grades ranging from 6.87 to 7.50. 
Table 4. Acceptance of the attributes of two varieties of cooked cassava, previously frozen, stored for up to 120 days. 
Varieties 
Storage time (days)ns 
Mean1 
0 31 60 92 120 
Color 
BRS Aipim Brasil 7.26 ± 1.32 6.68 ± 1.83 6.58 ± 1.74 6.78 ± 1.66 7.26 ± 1.29 6.91 ± 0.33b 
Eucalipto 8.16 ± 1.08 8.04 ± 0.95 7.94 ± 1.32 8.16 ± 0.82 7.98 ± 1.04 8.06 ± 0.10a 
Aroma 
BRS Aipim Brasil 7.16 ± 1.31 6.44 ± 1.85 7.04 ± 1.28 6.84 ± 1.31 7.18 ± 1.08 6.93 ± 0.31b 
Eucalipto 7.16 ± 1.23 7.30 ± 1.20 7.18 ± 1.17 7.30 ± 1.26 7.22 ± 1.23 7.23 ± 0.06a 
Flavor 
BRS Aipim Brasil 7.28 ± 1.71 6.24 ± 2.14 7.02 ± 1.79 7.14 ± 1.47 7.38 ± 1.28 7.01 ± 0.45a 
Eucalipto 7.00 ± 1.51 6.90 ± 1.47 6.94 ± 1.46 7.18 ± 1.41 6.96 ± 1.43 7.00 ± 0.11a 
Texture 
BRS Aipim Brasil 7.02 ± 2.08 6.50 ± 2.22 6.96 ± 2.10 7.12 ± 1.84 7.40 ± 1.68 7.00 ± 0.33a 
Eucalipto 6.90 ± 1.79 6.80 ± 1.74 6.88 ± 1.76 7.06 ± 1.56 6.70 ± 1.90 6.87 ± 0.13a 
Overall impression 
BRS Aipim Brasil 7.40 ± 1.31 6.60 ± 1.93 7.20 ± 1.58 7.26 ± 1.35 7.56 ± 1.26 7.20 ± 0.37b 
Eucalipto 7.48 ± 1.42 7.50 ± 1.15 7.54 ± 1.28 7.72 ± 1.21 7.64 ± 1.08 7.58 ± 0.10a 
1Means followed by the same letters do not differ by the F test at 5% probability. 
The Eucalipto variety was also more accepted for the aroma and overall impression attributes (Table 4), and for 
these attributes this variety was classified between the terms “like moderately” and “like very much”. 
Flavor is the main factor in determining the acceptability of any product, so it has a major impact with 
respect to the successful product in the market (Mbassi et al., 2018). Regarding flavor, the two varieties were 
considered similar, and were classified between the hedonic terms “like slightly” and “like moderately” 
(Table 4). The same was observed for the texture attribute. 
The sensory acceptance of roots by consumers did not change significantly (p > 0.05) during storage and 
the grades attributed were above 6.0, which represented the minimum acceptance limit, for all evaluated 
attributes and at all storage times (Table 4). This fact demonstrated that the processing followed by freezing 
was able to maintain the sensory characteristics of the roots. 
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A similar result was obtained by Carvalho et al. (2011), who found that cassava roots frozen for up to 150 
days were sensorially accepted for the evaluated attributes (aroma, color, flavor and overall impression), 
throughout the period, with average grades ranging from 7.40 to 8.39. The same was observed by 
Sanches et al. (2017), in which the frozen cassava samples of the Cacau variety were accepted for all 
evaluated attributes, with average values ranging between 7.5 and 8.4. 
In a study by Mbassi et al. (2018), the texture acceptance of the frozen “Makumba” cassava variety was 
the same after 30 days of storage, different from the result reported by Rinaldi et al. (2015b), who observed 
a significant reduction in the acceptance note of the texture concerning the frozen IAC 576-50 variety, 
varying from 7.80 (zero time) to 5.13 at 31 days of storage. 
4 Conclusion 
The Eucalipto variety showed the higher pulp yield, starch content and color intensity, however, less 
cooking time and being more accepted for overall impression than the BRS Aipim Brasil. Therefore, the 
Eucalipto may be more suitable for planting and marketing. 
The BRS Aipim Brasil and Eucalipto frozen at -18 °C can be stored for at least four months without 
microbiological risk, as well as without significant changes in its physical-chemical and sensory 
characteristics, thus being suitable for the consumption. 
Acknowledgements 
The authors thank FAPESB for the Research Initiation Grants. 
References 
Agritempo. (2020). Sistema de monitoramento agrometeorológico do Ministério da Agricultura Pecuária e Abastecimento. 
Retrieved in 2020, June 19, from http://www.agritempo.gov.br/agritempo/index.jsp 
Alves, A., Cansian, R. L., Stuart, G., & Valduga, E. (2005). Alterações na qualidade de raízes de mandioca (Manihot esculenta Crantz) 
minimamente processadas. Ciência e Agrotecnologia, 29(2), 330-337. http://dx.doi.org/10.1590/S1413-70542005000200009 
Alves, J. M. A., Costa, F. A., Uchôa, S. C. P., Santos, C. S. V., Alburqueque, J. A. A., & Rodrigues, G. S. (2008). Avaliação de 
dois clones de mandioca em duas épocas de colheita. Revista Agroambiente, 2(2), 15-24. http://dx.doi.org/10.18227/1982-
8470ragro.v2i2.244 
Araujo, J. C., & Almeida, C. O. (2013). Inventário de variedades de mandioca lançadas pela Embrapa Mandioca e Fruticultura 
no período de 1996 a 2009 (pp. 1-10). Cruz das Almas: Embrapa Mandioca e Fruticultura. Retrieved in 2020, November 18, 
from https://ainfo.cnptia.embrapa.br/digital/bitstream/item/119005/1/CircularTecnica-107.pdf 
Beléia, A., Butarelo, S. S., & Silva, R. S. F. (2006). Modeling of starch gelatinization during cooking of cassava (Manihot 
esculenta Crantz). Lebensmittel-Wissenschaft + Technologie, 39(4), 399-404. http://dx.doi.org/10.1016/j.lwt.2005.02.021 
Beléia, A., Yamashita, F., Moraes, S. R., Silveira, C. A., & Miranda, L. A. (2004). Textural changes during cooking of cassava (Manihot 
esculenta Crantz) roots. Journal of the Science of Food and Agriculture, 84(14), 1975-1978. http://dx.doi.org/10.1002/jsfa.1917 
Bezerra, V. S., Pereira, R. G. F. A., Carvalho, V. D., & Vilela, E. R. (2002). Raízes de mandioca minimamente processada: Efeito 
do branqueamento na qualidade e conservação. Ciência e Agrotecnologia, 26(3), 564-567. Retrieved in 2020, November 18, from 
https://www.alice.cnptia.embrapa.br/alice/bitstream/doc/348052/1/AP2002raizesmandiocaminimamenteprocessadas.pdf 
Borges, M. F., Fukuda, W. M. G., & Rossetti, A. G. (2002). Avaliação de variedades de mandioca para consumo humano. 
Pesquisa Agropecuária Brasileira, 37(11), 1559-1565. http://dx.doi.org/10.1590/S0100-204X2002001100006 
Brasil. Agência Nacional de Vigilância Sanitária – ANVISA. (2001, janeiro 2). Aprova o Regulamento Técnico sobre os padrões 
microbiológicos para alimentos (Resolução - RDC nº 12, de 2 de janeiro de 2001). Diário Oficial [da] República Federativa do 
Brasil, Brasília. Retrieved in 2020, November 18, from 
http://portal.anvisa.gov.br/documents/33880/2568070/RDC_12_2001.pdf/15ffddf6-3767-4527-bfac-740a0400829b 
Carvalho, A. V., Cunha, E. F. M., & Faria Neto, J. T. (2017). Caracterização físico-química de genótipos de macaxeira 
cultivados no Estado do Pará. Belém, PA: Embrapa Amazônia Oriental. Retrieved in 2020, November 18, from 
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/162894/1/BOLETIM-PD-120-Ainfo.pdf 
Carvalho, A. V., Seccadio, L. L., Souza, T. C. L., Ferreira, T. F., & Abreu, L. F. (2011). Avaliação físico-química e sensorial de 
mandioca pré-processada armazenada sob congelamento. Boletim do CEPPA, 29(2), 223-228. 
http://dx.doi.org/10.5380/cep.v29i2.25487 
Effect of the storage period on physical-chemical characteristics, microbiological composition and sensory acceptance of two 
varieties of frozen sweet cassava 
Oliveira, L. A. et al. 
 
Braz. J. Food Technol., Campinas, v. 24, e2020215, 2021 | https://doi.org/10.1590/1981-6723.21520 12/13 
Ceni, G. C., Colet, R., Peruzzolo, M., Witschinski, F., Tomicki, L., Barriquello, A. L., & Valduga, E. (2009). Avaliação de 
componentes nutricionais de cultivares de mandioca. Alimentos e Nutrição, 20(1), 107-111. Retrieved in 2020, November 18, 
from http://serv-bib.fcfar.unesp.br/seer/index.php/alimentos/article/view/952/779 
Colla, L. M., & Prentice-Hernández, C. (2003). Congelamento e descongelamento: Sua influência sobre os alimentos. Vetor, 13, 53-66. 
Retrieved in 2020, November 18, from http://www.repositorio.furg.br/bitstream/handle/1/6803/428-742-1-PB.pdf?sequence=1 
Doymaz, I., Tugrul, N., & Pala, M. (2006). Drying characteristics of dill and parsley leaves. Journal of Food Engineering, 77(3), 
559-565. http://dx.doi.org/10.1016/j.jfoodeng.2005.06.070 
Empresa Brasileira de Pesquisa Agropecuária – EMBRAPA. Serviço Nacional de Levantamento e Conservação de Solos. 
(1993). Levantamento detalhado dos solos do Centro Nacional de Pesquisa de Mandioca e Fruticultura, Cruz das Almas, Bahia 
(126 p.). Cruz das Almas: Centro Nacional de Pesquisa de Mandioca e Fruticultura. 
Ferreira, D. F. (2010). SISVAR 5.3: Sistema de análise de variância para dados balanceados. Lavras: UFLA. 
Food and Agriculture Organization of the United Nations – FAO. (2020). Food and agriculture data. Retrieved in 2020, 
November 18, from http://www.fao.org/faostat/en/#data/QC 
Franck, H., Christian, M., Noël, A., Brigitte, P., Joseph, H. D., Cornet, D., & Mathurin, N. C. (2011). Effects of cultivar and 
harvesting conditions (age, season) on the texture and taste of boiled cassava roots. Food Chemistry, 126(1), 127-133. 
http://dx.doi.org/10.1016/j.foodchem.2010.10.088 
Holm, J. H., Bjorck, N. G., Drews, A., & Asp, N.-G. (1986). A rapid method for the analysis of starch. Starch, 38(7), 224-226. 
http://dx.doi.org/10.1002/star.19860380704 
Instituto Adolfo Lutz – IAL. (2018). Métodos físico-químicos para análise de alimentos (4. ed., 1018 p.). Brasília, DF: Ministério da Saúde. 
Jay, J. M., Loessner, M. J., & Golden, D. A. (2005). Modern food microbiology (7th ed.) Ney York: Springer Science. 
Kawano, K., Fukuda, W. M. G., & Cenpukdee, U. (1987). Genetic and environmental effects on dry matter content of cassava 
root. Crop Science, 27(1), 69-74. http://dx.doi.org/10.2135/cropsci1987.0011183X002700010018x 
Konica-Minolta. (2013). Chroma meter CR-400/410: Instruction manual. Toyko: Konica Minolta Sensing. 
Lorenzi, J. O. (1994). Variação na qualidade culinária das raízes de mandioca. Bragantia, 53(2), 237-245. 
http://dx.doi.org/10.1590/S0006-87051994000200013 
Mbassi, J. E. G., Mapiemfu-Lamare, D., Eyenga, E. F., & Ngome, A. F. (2018). Duration of freezing influences sensory 
attributes of cassava (Manihot esculenta Crantz) and plantain (Musa paradisiaca AAB). Journal of Food Technology Research, 
5(1), 19-27. http://dx.doi.org/10.18488/journal.58.2018.51.19.27 
Mezette, T. F., Carvalho, C. R. L., Morgano, M. A. M., Silva, M. G., Parra, E. S. B., Galera, J. M. S. V., & Valle, T. L. (2009). 
Seleção de clones-elite de mandioca de mesa visando a características agronômicas, tecnológicas e químicas. Bragantia, 
68(3), 601-609. http://dx.doi.org/10.1590/S0006-87052009000300006 
Montagnac, J. A., Davis, C. R., & Tanumihardjo, S. A. (2009). Processing techniques to reduce toxicity and antinutrientes of 
cassava for use as a staple food. Comprehensive Reviews in Food Science and Food Safety, 8(1), 17-27. 
http://dx.doi.org/10.1111/j.1541-4337.2008.00064.x 
Moreto, A. L., & Neubert, E. O. (2014). Avaliação de produtividade e cozimento de cultivares de mandioca de mesa (aipim) em 
diferentes épocas de colheita. Revista Agropecuária Catarinense, 27(1), 59-65. 
Nelson, N. (1944). A photometric adaptation of the Somogyi method for the determination of glucose. The Journal of Biological 
Chemistry, 153(1), 375-380. http://dx.doi.org/10.1016/S0021-9258(18)71980-7 
Ngeve, M. J. (2003). Cassava root yields and culinary qualities as affected by harvest age and test environment. Journal of the 
Science of Food and Agriculture, 83(4), 249-257. http://dx.doi.org/10.1002/jsfa.1307 
Oliveira, E. J., Santana, F. A., Oliveira, L. A., & Santos, V. S. (2015). Genotypic variation of traits related to quality of cassava 
roots using affinity. Scientia Agrícola, 72(1), 53-61. http://dx.doi.org/10.1590/0103-9016-2014-0043 
Oliveira, L. A., Amorim, T. S., Santos, D. V., & Silva, J. (2007). Composição físico-química de variedades de mandioca de mesa 
cultivadas no sistema orgânico. Revista Raízes e Amidos Tropicais, 3, 2007. Retrieved in 2020, November 18, from 
http://energia.fca.unesp.br/index.php/rat/article/view/1310 
Oliveira, L. A., Reis, R. C., Santana, H. M., Santos, V., & Carvalho, J. L. V. (2017). Development and sensorial acceptance of 
biofortified cassava snack. Semina Ciências Agrárias, 38(6), 3579-3590. http://dx.doi.org/10.5433/1679-0359.2017v38n6p3579 
Oliveira, M. A., & Moraes, P. S. B. (2009). Características físico-químicas, cozimento e produtividade de mandioca cultivar IAC 576-70 
em diferentes épocas de colheita. Ciência e Agrotecnologia, 33(3), 837-843. http://dx.doi.org/10.1590/S1413-70542009000300024 
Pedri, E. C. M., Rossi, A. A. B., Cardoso, E. S., Tiago, A. V., Hoogerheide, E. S. S., & Yamashita, O. M. (2018). Características 
morfológicas e culinárias de etnovariedades de mandioca de mesa em diferentes épocas de colheita. Brazilian Journal of Food 
Technology, 21(0), http://dx.doi.org/10.1590/1981-6723.07318 
Ramos, P. A. C., Sediyama, T., Viana, A. E. S., Pereira, D. M., & Finger, F. L. (2013). Efeito de inibidores da peroxidase sobre 
a conservação de raízes de mandioca in natura. Brazilian Journal of Food Technology, 16(2), 116-124. 
http://dx.doi.org/10.1590/S1981-67232013005000018 
Rinaldi, M. M., Vieira, E. A., & Fialho, J. F. (2015a). Conservação pós-colheita de diferentes cultivares de mandioca submetidas ao 
processamento mínimo e congelamento. Científica, 43(4), 287-301. http://dx.doi.org/10.15361/1984-5529.2015v43n4p287-301 
Rinaldi, M. M., Vieira, E. A., Fialho, J. F., & Malaquias, J. V. (2015b). Efeito de diferentes formas de congelamento sobre raízes 
de mandioca de mesa. Brazilian Journal of Food Technology, 18(2), 93-101. http://dx.doi.org/10.1590/1981-6723.3414 
Effect of the storage period on physical-chemical characteristics, microbiological composition and sensory acceptance of two 
varieties of frozen sweet cassava 
Oliveira, L. A. et al. 
 
Braz. J. Food Technol., Campinas, v. 24, e2020215, 2021 | https://doi.org/10.1590/1981-6723.21520 13/13 
Sanches, A. G., Silva, M. B., Moreira, E. G. S., & Cosme, S. S. (2017). Análise sensorial e viabilidade econômica da mandioca 
de mesa in natura e congelada. Revista Brasileira de Tecnologia Agroindustrial, 11(2), 2332-2349. 
http://dx.doi.org/10.3895/rbta.v11n2.2840 
Sánchez, T., Chávez, A. L., Ceballos, H., Rodriguez-Amaya, D. B., Nestel, P., & Ishitani, M. (2006). Reduction or delay of post-
harvest physiological deterioration in cassava roots with higher carotenoid content. Journal of the Science of Food and 
Agriculture, 86(4), 634-639. http://dx.doi.org/10.1002/jsfa.2371 
Santos, H. G., Jacomine, P. K., Anjos, L. H. C., Oliveira, V. A., Lumbreras, J. F., Coelho, M. R., Almeida, J. A., Araújo Filho, J. 
C., Oliveira, J. B., & Cunha, T. J. F. (2018). Sistema brasileiro de classificação de solos (5. ed., 531 p.). Brasília: Embrapa. 
Retrieved in 2020, November 18, from https://www.embrapa.br/en/busca-de-publicacoes/-/publicacao/1094003/sistema-
brasileiro-de-classificacao-de-solos 
Silva, J. H. V., Albino, L. F. T., & Godói, M. J. S. (2000). Efeito do extrato de urucum na pigmentação da gema dos ovos. 
Revista Brasileira de Zootecnia, 29(5), 1435-1439. http://dx.doi.org/10.1590/S1516-35982000000500022 
Silva, N., Junqueira, V. C. A., Silveira, N. F. A., Taniwaki, M. H., Dantos, R. F. S., & Gomes, R. A. R. (2017). Manual de 
métodos de análise microbiológica de alimentos (3. ed., 552 p.). São Paulo: Livraria Varela. 
Somogyi, M. (1945). A new reagent for the determination of sugar. The Journal of Biological Chemistry, 160(1) 
Universidade Estadual de Campinas – UNICAMP. Núcleo de Estudos e pesquisas em Alimentação – NEPA. (2011). TACO: 
Tabela brasileira de composição de alimentos (4. ed., 161 p.). Campinas: NEPA, UNICAMP. 
 
Funding: Empresa Brasileira de Pesquisa Agropecuária. 
Received: Aug. 31, 2020; Accepted: May 17, 2021 
